Aims. In this paper we report on calculations of collision strengths and effective collision strengths for allowed transitions among the n ≤ 5 degenerate levels of Al xiii.
Introduction
In a recent paper (Aggarwal et al. 2005) we reported results for energy levels, radiative rates, collision strengths, and excitation rate coefficients for transitions among the n ≤ 5 levels of Al xiii. Those calculations were a substantial improvement over our earlier results in the LS coupling scheme for the same ion (Aggarwal et al. 2001) . However, even the more recent data for transitions among the fine-structure levels remained limited in scope, particularly for those that are allowed among the degenerate levels of a state, such as 2s 2 S 1/2 −2p 2 P
• 1/2,3/2 . This was because collision strengths were not converged within the partial wave range (J ≤ 60) considered in that paper. Extending the partial wave range in a collisional code such as darc is impractical, because these transitions converge very slowly as demonstrated by Igarashi et al. (2003) . Therefore, a "top-up" based on the formulations of Burgess et al. (1970) has now been fully implemented in the Dirac atomic R-matrix code (darc) of Ait-Tahar et al. (1996) , which enables us to calculate converged values of Ω for all allowed transitions, including the "elastic" ones, i.e. those for which ∆E ∼ 0. However, results for all transitions, forbidden and allowed, remain the same as already reported, except for those which are allowed among the degenerate levels and for which ∆E ∼ 0. Therefore, in this paper we present values of collision strengths (Ω) as well as effective collision strengths (Υ) for all 26 elastic transitions alone over a wide energy/temperature range, so that data for all transitions can be applied with confidence in plasma modelling.
Collision strengths
The details of our calculations have already been given in our earlier paper (Aggarwal et al. 2005 ) and hence are not repeated here. Additionally, results for all transitions except those which are allowed among the degenerate levels remain the same. Therefore in the present paper we discuss results for only the elastic transitions, i.e. those which are allowed within the n ≤ 5 levels of Al xiii, and for which ∆E ∼ 0.
In Table 1 we list our energy levels, as reported earlier (Aggarwal et al. 2005 ), which will facilitate the discussion of Article published by EDP Sciences our subsequent results. It may be noted here that the energy of the 2s 2 S 1/2 level is higher than that of 2p 2 P
• 1/2 due to the inclusion of Lamb shift. However, we have retained this ordering (of 2s 2 S 1/2 level before 2p 2 P
• 1/2 ), mainly because DARC provides results in this ordering and more importantly, this is the same ordering as was adopted in our earlier paper (Aggarwal et al. 2005) . Table 2 lists our results of Ω, at energies above thresholds but below 300 Ryd, for all 26 elastic transitions among the n ≤ 5 degenerate levels of Al xiii. To our knowledge, the only other results available in the literature for (qualitative) comparison purposes are those of Zygelman & Dalgarno (1987) . Their values of Ω cover a wide energy range up to ∼250 Ryd, but only for transitions within the n = 2 levels. Similarly, they have performed calculations for several ions with 2 ≤ Z ≤ 18, but not for Z = 13. Therefore, we have performed two other independent calculations to verify our results. The first uses the Flexible Atomic Code (fac) of Gu (2003) , available from the website http://kipac-tree.stanford.edu/fac. This is a fully relativistic code (as is darc) and is based on the well known and widely used distorted-wave (DW) method. fac provides background values of Ω over a wider energy range (up to ∼1400 Ryd) but only at six energies. Nevertheless, the data obtained from fac are helpful in assessing the accuracy of our results. The other calculation is from a combination of the close-coupling (CC) and the Coulomb-Born (CB) programs of Igarashi et al. (2003 Igarashi et al. ( , 2005 , who reported collision strengths for elastic transitions, but again within the n = 2 levels alone. Their CC+CB programs have now been extended to calculate values of Ω up to the n = 5 levels for a hydrogenic ion of any nuclear charge Z.
In Fig. 1 we compare our results from darc with those from fac and CC+CB, but for only three transitions, namely 2−4 (2s 2 S 1/2 −2p 2 P
• 3/2 ), 5−7 (3p 2 P
• 1/2 −3d 2 D 3/2 ), and 8−9
(3p 2 P
• 3/2 −3d 2 D 5/2 ), over a wide energy range below 400 Ryd. As is clear from this figure, there is no discrepancy among the different calculations, and the values of Ω from any calculation can be safely employed for the determination of excitation rates. Similar comparisons for other transitions have also been made but are not shown here for brevity. However, a comparison of the present results shows that the earlier reported values of Ω, with only J ≤ 60, are underestimated for all elastic transitions by over a factor of two, and by up to an order of magnitude for some transitions, such as: 17−18 (5s 2 S 1/2 −5p 2 P 
Effective collision strengths
In Table 3 we list our results of Υ for all 26 elastic transitions among the n ≤ 5 degenerate levels of Al xiii, over a wide temperature range of 4.4 ≤ log T e ≤ 6.8 K, the same as adopted in our earlier paper (Aggarwal et al. 2005) . From these values of Υ, the corresponding results for excitation and de-excitation rate coefficients can be easily determined from the simple relationships given in Eqs. (2) and (3) of Aggarwal et al. (2001) . To our knowledge, there are no other results for comparison purposes, but our earlier reported values of Υ are underestimated by over a factor of two for almost all elastic transitions, and by up to a factor of eight for some transitions, such as: 12−13 (4d 2 D 3/2 −4p 2 P values of Ω were also underestimated, as stated earlier. However, based on the comparisons made in our earlier paper for the forbidden (and other allowed) transitions, and the comparisons
of Ω values discussed above in Sect. 2, we expect our present results for Υ to be accurate to better than 15% at all temperatures. Furthermore, the results presented here, along with those already reported for radiative rates and effective collision strengths in our earlier work (Aggarwal et al. 2005) , form a complete set of atomic data for all transitions in Al xiii, and will hopefully be useful for plasma modelling.
